12, LIST OF SYMBOLS AND ABBREVIATIONS

In the following Mst the English alphabet precedes the Greek alphabet, and lower-case
letters precede upper«case letters, As a general rule, upper-case letters have been used for
quantities expressed in decibell.. for example w, is tranamitter power in watts, and Wt is
transmitter power in decibels above one watt, When the upper-case symbol is the decibel equiva-
lent of a lower-case symbol they are usually listed together. Symbols that are used only in an
annex are defined at the end of the appropriate annex, in Volume 2.

Sometimes a symbol may be used in qul';e different contexts, in which cage it is ligted for

each separate context. Subscripts are used to modify the meaning of symbols. The order is:

1. S8ymbol without a subscript h

2, Symbol with a subscript, (letter subscripts in alphabetical hr
order followed by number subscripts in numerical order h1
Symbol as a special function, h{x)

4., Abbreviations, ht

Following each definition an equation number or section number ig given to gshow the term
in its proper context,. Where applicable, reference is made to a figure.

Throughout the report, logarithms are to the base 10 unless otherwise noted,

a Effective earth's radius, allowing for average radio ray bending near the surface of the
earth, (4.4) flgure 4.2,

a, An'equivalent earth's radfus which is the harmonic mean of the radii a, and a (7.10),

a The radius of a circular arc that is tangent to the receiving antenna horizon ray at the

horizon, and that merges smoothly with the corresponding arc through the transmitting
antenna horizon, (8.9) figure 8.7,

a Effectlve earth's radius factor corresponding to Ds' (8.15),

a Radjus of a circular arc that is tangent to the transmlitting horizon ray at the horizon,
and that merges smoothly wlth the corresponding arc through the recelving antenna

horizon, (8.9) figure 8.7.

& The axial ratio of the polarization ellipse of & plane wave, (2.11),

a . The axial ratio of the polarization ellipse associated with the receiving pattern (2.11).
a The actual earth's radius, usunally taken to be 6370 kilometers, (4.4).

&) Radius of the circular arc that is tangent to the transmitting antenna horizon ray at the

horjzon, and that passes through a point hte kilometers below the transmitting an-
tenna, (8.8) figure 8.7,

a Radius of the circular arc that is tangent to the receiving antenna horizoen ray at the
horlz'én, gnd that passes th_rox_x‘g_h a point hr_e kilometers below the recelving an-
tenna, (8,8) figure 8.7,

12-1



A Attenuation relative to free space, expressed in decibels, defined as the basic trans--
miission loss relative to that in free space, (2. 20),
A The long-term median attenuation of radlo waves due to atmospheric absorption by

oxygen and water vapor, section 3.

Aar’ at For transhorizon paths, Aa = Adt'* Aar ,» the sum of the absorption from the trans.
mitter to the crossover of horizon rays and the absorption from the crossover of
horizon rays to the receﬁrer, section 3,

Ac Total absorption attenuation within a.cl'oud, {3.13).

Ar Total absorption due to rainfall over a given path, (3.7).

Aw' Rate of attenua.tion through woods in full leaf, (5, 18),

AO ‘Diffraction attenuation relative to free space at an angular distance 6= 0 over a
smooth earth, section 9,2,

A(v, 0) Attenuation relative to free space as a function of the parameter v, (7.2) figure 7.1,

A(v, p} Diffraction attenuation relative to free space for an isolated perfectly conducting
rounded obstacle, (7.7), figure 7,3,

A{0,.p) The diffraction loss for @ =0 over 'an obstacle of radius r, (7.7) figure 7.4,

B The parameter B(K,b) corresponding to thé effective earth's radius a., (3..15).

» . (8.13),
‘ 1,2, t, ¢
B ,B Defined by (8,2), (8.13) and (8,15) as the product of several factors, combined for

Values of the parameter B(K, b} that correspond to values of K

B .,bB convenience in computing diffraction attenuation.

B! Any point along the great circle path between antenna terminals A and B, figure 6,3.
B(K,b°) A parameter plotted in ﬁgur.e 8.3 as a function of K ‘and b°% (8.2).

c Free space veloclity of radio waves; c = 299792.5 % 0. 3 kin/sec.

Cl(Klb °) A parameter used in calculating diffraction ;ttenuation, (8.1) figure 8,4,

Cl(Kl' b®), Cl(KZ' b®) The parameter CI(K' b®) corresponding to K1 and Kz-’ also written

_ C,(K)) and C,(K,), (8.11).

cl(Kl, Z) The weighted average of valueg of Cl(Ki' b°) and CI(KZ' b%), (8.11),

CCIR International Radio Consultative Committee,

d Great circle propagation path distance, measured at gea level along the great circle
path determined by two antenna locations, A1 and .AIZ\, figure 6.1,

d(‘ Clearing depth in meters, -defined as the distance from the edge of woods to the lower

- antenna along a propagation path, (5.19).

d.'a Effective propag-atic;n path alstance, a function of d, fmc' hte' and hre, section 10,1,
(10, 3),

dl_ The sum of the horizon distances dLr and st. In section 10, dL is defined for a
stnooth spherical earth of radius 9000 km, (10.2) and (10, 3),

dLr' st Great circle distances from the receiving and from the trénsmitting antennas to the

corresponding horizons, figure 6.1,
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dBu

[s32

Hu]ml

i{v)

Distance between the receiving or transmitting antenna horizon and the crossover of
horizon rays as measured at sea level, (6.20).

1f eor or 'eot is negative, d'sr or d"t is computed (6.23) and substituted for dsr
or dut in reading figure 6,9,

The theoretical distance where diffraction and scatter flelds are approximately cqual
over a smooth earth, (10, 1),

‘The greatest distance for which the attenuation relative to free space is zero, (5.10).
Distance from the transmitting, or the receiving antenna, to the crossover of horizon
rays, measured at séa level, figure 6,1,

Great circle distance from one.antenna of a pair to the point of reflection of a re-
flected ray, figure 5.1,

Decibgls = lTO lo_g10 (power ratio) or 20 loglo (voltage ratio). In this report, all
logarithms are to the base 10 unlées otherwise stated,

Decibels above one microvolt per meter,

Decibels above one watt,

Divergence coefficient, a factor used to allow for the divergence of energy due to re-
flection from a convéx l.!urface, {5.2).

Diameter of a paraholic reflector in _nietera, (2.17.

Great circle distance between transmitting and receiving horizons, (6.17), figure 6.1.
A function of dst' dsr used in computing diffra(;tion 10.58, (8.16), figure 8.8.

The positive to negative amplitude of the cross-polarized vector component e and of
the principal polarization component ep of a complex polarization vector e, section
2,3 and annex IIL.

A complex vector E: :p + i?c , section 2,3 and annex II,

Radio wave frequency in megahertz (megacycles per second),

A function used in computing path antenna gain, defined by (9.13) figure 9.7.

Thg correction term .Fo atlows for the rec@uctién of scattering efficiency at great

he_ights in the atmosphere, (9.1) and (9.7}.

F(xl), F(xz) ‘Functions used in computing diffraction attenuation, (8.1) and figures.8.5 and 8. 6.

F(6d)

The attenuation function used in calculating median basic transmission loss for scatter

paths, (9.1) figures 9.1, and III. Il to III. 14,

B By Gr' Gt Maximum free gspace directive gains for the receiving and transmitting antennas

Bri’ Byy
go
go
Eo1! Boy

respectively, Gr = 10 log g, db, Gt = 10 log g, db, section 2.2.

Directive gain factors defined for each .antenna in the direction of the point of ground
reflection, (5.1).

The Irnaximum value of the operating gain of a recelving system, (V.7).

The directivt:a gaiﬁ for one antenna in the direction of the other, section 5.1,

The diréctive gain of the transmitting and receiving antennas, each in the direction

of the other, assuming matched antenna polarizations, (5,1).



g(p, )

A frequency factor used to adjust predicted long-term variability to allow for

frequency-related effects, (10. 6) figare 10.3.

gt(i'-‘), Gt(f) Free space directive gain of the transmitting antenna in the direction 7, see also

4

g)(F), G(f) = 10 log g () db, section 2.2.
Power gain of a transmitting antenna when the power input to the antenna terminals

is w't watts, section 2,2,

g;;(f). G;:(f) Power giin of a transmnitting antenna in the direction #, G;(i") = 10 log g;(ie‘) db,

G

G
P

pr

G
PP
G(h)

G ()

section 2.2,

The maxirmum free space directive gain relative to an ieotropic radiator (2,5).
Path antenna gain, the change in transmission ioll or propagatloﬁ loss ii_hypbﬁmt-
ical loss-free isotroplc antennas with no oriem;atioh, _polarization, or multipath
coupling loss were used at the same locations at the actual anténnan, (2.14).

Path antenna gain in free space, (2.17).

Path antenna power. gain, (2.14).

Residual height gain function, figure 7.1,

Power gain, in decibels, of a recéhfing antenna, (2,4).

G(Tx'l). G(iz) The function G(h) for the transinitting and recelving antennas, respectively,

G(H)

Gi,(i")
Gix )
GHz

re’

’
rs

ti

hte

h
ta

(7.5).

Directive gain of an antenna in the direction ¥, The maximum value of G(f) is
G, smection 2,2,

Directive gain, in decibels, of a receiving aritenna in the direction £, (2,4),

A function used in computing diffraction, (B. 1) figures 8.5 and 8, 6.

Radio frequency in gigacycles per second,

Helght above the surface of the ground as used in (3.10), (3,12),

Helght referred to sea level.

Equidistant heights of terrain above sea 1eve1, (5.15), (6.10),

Height of the receiver or transmitter horizon obstacle above sea level, (6,15),
Helght of the intersection of horizon rays above a straight line between the antennas,
determined using an effective earth's radiui, a, (9.3b) and figure 6.1.

The height hr or ht is defined as the height of the receiving or tranimltt.lng an-
tenna above the average height of the central 80% of the terrain between the an-
tenna and its horizon, or above ground, _whichevér gives the larger value, (6; 11).
Effective height of the receiving or transmitting aritenna above ground, For hr' ht
less than one kilometer hre = hr . hte = ht' ‘For higher antennas a correction Ah
is used, (6.12).

Height of the receiving antenna or transmitting antenna above sea level, figure 6.1,
(6.11),(6.15),

Elevation of the surface of the ground above mean sea level, (4.3).

The heights above séa level of evenly spaced terrain elevations between the transg-

mitter and its horizon, (6.11).
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h Height of the crossever of horizoh rays above a straight line between the trans-

mitter and receiver horizon obstacles, (9.7) figure 6.1,

hl, h?. Hejghts of antenna terminals 1 and 2 above the surface of the earth, figure 5,1,

h‘l. h'z Heightiu of antenna terminals 1 and 2 above a plane tangent to a smooth earth at
the bounce point of a reflected ray, (5.8).

® Average height above sea level, (5.15).

.ﬁt Average height of the tranlrhit.t'ing antenna above the central 80% of terrain be-
tween the transmitter and its horizon, (6.11).

-1;1' EZ Normalized helghts of the transmitting and receiving antennas, (7.6).

h(x) A straight line fitted by least squares to equidistant heights above sea level, (5.15).

h(0), h({d) Height above sea level of a smooth curve fitted to terrain visible to both antennas,
and extrapolated to the tranemitter at h(0) and the receiver at h(d), (5.17).

hi(xi) A series of equidistant heights above sea level of terrain visible to both antennas,
section 5. 1.
Ho The frequency gain function, discussed in section 9.2,

Ho(n' < 1), Ho('q! = 1) Value of the frequency gain function, Ho' where the parameter n,
is less than or equal to one, .r_eapec:tivel'y, (9.6).
Ho(qs = 0) The frequency gain function when n, = 0 which corresponds to the agssumption of a

constant atmospheric refractive index, figure 9.5,

Hz Abbreviation for hertz = cycle per second,
K A frequency-dependent coefficient, (3.8).
K A parameter used in computing diffraction attenuation, K is a function of the ef-

fective earth's radius, carrier frequency, ground constants, and polarization,
figure 8,1 and annex III, 4.
Kl A frequency and temperature-dependent attenuation coefficient for absorption
within a cloud, (3,13) and table 3,1,
Rl' KZ' Kr' Kg. Kt Values of the diffraction parameter K for corresponding earth's radii
a.l, az, ar, a.’, at. (8.8) to (B. 13).

K(a), K(849T) .The diffraction parameter K for an effective earth's radius a, and for

a = 8497 km,

K(fGHz) A frequency-depepdent coefficient used in computing the rate of absorption by
rain, (3.9%a) and figure 3.8,

Ier' Ler The effective lo‘ll factor for a receiving antenna, or the reciprocal of the power
;e_ceiving efficiency, (2.3), Ler-= 10 ;og !ex; db.

let' Let The .eﬁect{ve loss factor for a transmitting antenna, (2. 3), Let = 10 log !et db.

L Transmission loss expressed in decibels, {2.2).

L, Basic transmission loss, (2.13) and (2. 14).

Lbd Basic transmission loss for a diffraction path, (7.3), (7.4).

Ll')f Basic transmission loas in free space, {2.16}.
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Lbm Hourly median bagic transmission loss,’
'Lb"_ Reference value of long-term median basic ‘transmission loas based on forward scatter-
loss, (9.1).
L Calculated value of transmission loss,
, : _ Polarization coupling loss, (2.10),
c: Reference yalue of hourly micdian transmission loss when diffraction and scatter Iosnes
are combined, (9.14). _
I"dr Reference v.a.lue of hourly median transmission losg due to diffraction, (9:14).
I"f A_n.'.'equivalent free.-upace transmission 10:\!, " (Z'. 19). |
Lgp Loss in path antenna g#n, defined as the difference between the sum of the maximum
gains of the transmitting and receiving antennas and the path antenna gain, (2,21).
Ll o L‘ t Tranumiuic’m line and r;xatching network losses at the réceiver and trnplmittei.
Lo " Path loss, defined as tranamission loss plus the sum of the maximum free space gains
of the antennas, (Z.12).
L The system loss expressed in decibels, defined by (2.1), System loss includes ground
° and dlelectric losses and antenna circuit losses,
L. Reference value of median forward scatter transmission loss, used with Ldr to ob-

tain the reference va.lue L-cr , {9.14),

"L{g}, L{0.5)  Long-term value of transmission loss not exceeded for a fraction q. of hourly
medians; L (0. 5) is the median value of L{g), section 10, .

Lb(q), Lb(O. 5) Long-term value of basic transmission loss not exceeded for a fraction q of

lhourly medians; Lb(O. 5) is the median of Lb(q) .

M Liguid water content of a cloud measured in grams per cublc meter, (3.13),
Mﬂz Radio frequency in megahertz,

n Refractive index of the atmosphere, sectiqn 4,

n The ratio ao/ 6': or {30/ 6:‘ used to compute fi, (9.12).

n Atmospheric refractive index at the surface of the .ear_th.. (4.1).

n A parameter used_ in calculating path antenna gain, (9.12).

N Atmospheric refractivity defined'as N= (n-1) X 106, section 4,

No Surface refraétivi.ty reduced to sea level, (4.3).

The value of N at the surface of the earth, (4.1),
_ﬁ(f), B {(<f) - Complex polarization vectors, section 2,3 and annex II,
S :
|[B* P | ¥ Polarization efficiency for transfer of energy in free space at a single radio frequency,

{(Z2.11) and (II. 62),

.!;U

q Time availability, the fraction of time a given value of transmission loss is not ex-

ceeded, sect;ion 10,

q The ratio q = rals T, used to co.mpute AHO. (9. 5).
r The length in free space of the direct ray path between antennas, figure 5,1,
T Radius of curvature, (7.9).



eQ
r

er
r

ew
r

[+]
R UF
L)
T2
1 Tai
r.m.,s,
R
R

e
R

r
R
__.rs
R

r
R(0. 5)
B
T

Q
T(r)

[-]
T (°K)
T.A,S8.0.
U(vp)
v

Effective distance for absorption by 'oxygen in the atmosphere, (3,4) figures 3.2 to 3.4,
Effective rain-bearing distance, (3,11) and (3.13) ﬂgureu‘ 3, iO to 3,13,

Effective distance for abl-orptiofx by water vapor in the atmosphere, (3.4), figures 3.2
to 3,4,

Length of a direct ray between antennas over an effective earth of radius a, figure 5.1,
Parameters used in computing the frequency gain function H_ . and defined by (9.4).
Distances whose sum ig the path length of a reflected ray, figure 5,1,

Direction of the most important proPégatiqn path from the trangmitter to the receiver,
or from the receiver to the transmitter.

Straight line distances from tranamitting and recelving antennas to a point on'the ground
a distance xi from the_ transmitting antenna, figure 6,4,

Abbreviation of rootwmean~sguare,

The magnitude of the theoreti.cal coefficient R exp[ <i(w -c)] . for reflection of a plane
wave from a smooth plane surface of a glven conductivity and dielectric constant, (5.1).

An"'effective" ground reflection coefficient, (5,1).

'Rainfall rate in millimeters per hour, (3,10),

Surface rainfall rate, (3,10).

Cumulative distribution of instantaneous path average rainfall rates, figure 3,14,
Afunctlonof L ~'L__, (9. 14) figure 9.9..

Path asymmetry factor, s = aolﬁo, (6.19).

Reference absolute temperature, To = 288,37 degrees Kelvin,

Temperature in the tropogphere in degrees Kelvin,

Effective sky nolse tempera_ture.ln degrees Kelvin,

Abbreviation of Television Allocations Study Organization,

A parameter used in computing diffraction over a rounded obstacle, (IIl.26) and figure
7.5,

A parameter used in computing diffraction over an isolated obstacle, (7.1).

V(0.5, de) A parameter used with the calculated long-term reference value, Lcr ; to predict

. . d
Vn(O 5, o

median long-term transmission loss, figure 10,1 equations (5. 4) and (HI. 67).

)~ The parameter V(0,5, de) for a given climatic region characterized by the sub-
script n, (10,4) figure 10,1,

Radio frequency eignal iaower that would be available from an equivalent loss-free re-
celving antenna, Wa = 10 log wa: dbw, (2.2)

Radio frequency signal power available at the terminals of the receiving antenna,

1 = 1
W! = 10 log w! dbw, (2.1).

Total power radiated from the transmitting antenna in a given band of radio frequencies,
Wt = 10 log Wy dbw, (2.2).

Available power at the terminals of a hypothetical loss-free isotropic receiving an-

‘tenna, assurning no orientation, polarization, or multipath coupling loss between

'tran_smit'ti‘ng and receélving antennas, (2.13).
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Yy
y(x)
Y!
Y(q)

A specified value, the discussion preceding (2, 14),

A variable designating distance from an antenna, figure 6.4

The i.th distance from the trnmn'x_ittex" along a great circle path, figure 6.4,
Parameters used to coni_pute diffraction loss, (8,2) flgures 8.5 and 8.6,

‘Points chosen to exclude terrain adjacent to either antenna which is not visible to the
other in computing a curve Ilt; (5. 15).

Tﬁe average of distances X, and *,0° (5.150). .

Initial bearings from antenna terminals A and B, measured from true north, figure
6.3.

Terrain elevations, modified to account for the curvature of the earth,. (6, 10),
Modified terrain elevation, y(x) = h(x) - x>/(2a), (5. 16).

Bearing from any point B' along the great circle path AB, figure 6.3,

lLong-term variability of Lm or of Wm in terms of hourly medians, {10, 6) and (v.4).

Y(q, 100 MHz) Basic estimate of variability in a coqtinenul ternperate climate, figure 10,2,

Y(q: de. 100° MHz) Basic estimate of variability as a function of effactive distance, (10. 6) figure

'z
zl

10,2,
Great circle path length between antenna te'r_mina.l.' A and B, figure 6.3,
Great circle path distance between an antenna and an arbitrary point B', figure 6,3,
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The pararmeter a is defined in equation (3.9b) and plotted as a function of frequency on
figure 3.9,

The angles qoo’ ﬂoo modified by the corrections Aao, Aﬁo. (6.19).

The angles between a transmitter or receiver horizon ray and a line drawn between the’
antenna locations oﬁ an earth of effective radius, a, (6.18) figure 6.1,

The function a in (3.9b) as a function of fréquency in GHz, figure 3.9,

Differential absorption in decibels pér kilometer for oxygen under standard conditions
of temperature and preasure, (.3._4)..

Rate of absorption by rain, (3, 8).

Surface value of the rate of absorption by rain, (3.11).

Differential absorption in decibels per kilometer for water vapor under standard condi-
tions of temperature and pressure and for a surface value of asqolute humidity of
10g/cc, (3.4).

Differential atmoepheric absorption in db/km for a path length r, (3.1).

Differential rain absorption along a path r, (3.7).

yo(h). yw(h) Differential absorption in dB/km for oxygen and water vapor, respectively, as' a

I(r)
5. by

6,06

w oz
Aa:o, Aﬁo
A

[

Ah
e

Ar

AaO(N!),

function of height, h, (3.3).

Absorption coefficient as a function of path distance r, (3.2) and (3.6).

The effective half-power semi—beam\x;idth for the recelving and transmitting antennas,

respectively, (9.11) and (9. 12).

Azimuthal and vertical semi-bearr_xwidths, (2.6).

Correction terms applied to compute a -[30 (6,19) figure 6.9,

Depression of field strength below smooth earth values, (5.19).

A correction term used to compute the effective height for high antennas, (6.12) figure
6.7.

The path length difference_befween a direct ray, ros and a reflected ray, Ar = T +r

S (5.4), (5.9) and (7.1).
Auxiliary functions used to check the ‘magnitude of error in the graphical determination
of diffraction attenuation, (8.5) figures 8,5 and 8.6,

2

A correction term applied to the frequenc':y gain function, Ho, (9. 5) and figure 9,4,
The refractivity gradient from the surface value, Ns , to the value of N  ata height
of one kilometer above the surface, (‘_1.2).

!ﬁo(Ns) The correction terms Aan, Aﬁo for values of N! other than 301, (6.21)
figure 6.10.

Aa°(301), Aﬁ°(301) The correction termas Aao, Aﬂo for Nii = 301, (6.2]) read from ﬁgufe 6.9.

Ah(hr, Na)' Ah(ht, Ns) The correction Ah'eas a function of N! and of receiver and transmitter

heights h  and ht' (6.12) figure 6.7,
A function of ho and Ns ‘used in computing Fo and Ho' (9. 3) and figure 9,2,
The angular distance, 6, is the angle between radio horizon rays in the great circle

plane defined by the antenna locations, (6.19).
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Horizon elevation angles at the receiver and transmitter, respectively, (6.15).
Angle of elevation of a direct ray relative to the horizontal at the lower antenna, (5.12).
See Bb and f(Bh) .

Angle of elevation above the horizontal, figures 3.2 to 3.4.

Angle between radio horizon fays. asguming straight raye above an earth of effective
radius, a, figure 6,1,

The angular elevation of a horizon ray at the receiver or transmitter horizon, (6.16)
figure 6, 1.

Free space radio wave length, used for example in (2.7),

The ratio § /b used in (9.12) and figure 9.8,

A parameter that is half the value of n, used in computing loss in antenna gain, (9.11),
(9.12) and figure 9,7.

Radio frequency in hertz,

A constant, w & 3,14159264,

Correlation coefficient b_etWeen two random variables.

Index of curvature for the crest curvature of a rounded obstacle in the great circle
path direction, (7.8),

The correlation between variations due to sources i and i, (10.8).

The corrélation between variations 'Y and Ya. (10, 9).

The correlation betyveen vgr_iationa' Y and Yr, (10.9).

The root-mean-square deviation of great circle path terrain elevations relative to a
smooth curve fitted to the terrain, (5.1),

The gtandard deviation corresponding to the variance o (p)

A symbol to represent the summation of terms, as in (5 15) where izb h means the
sum of all values of hi from 1=0 to 1=20,

The total phase lag of the diffracted field over an isolated rounded obstacle with reflec-
tions from terrain, (7.13).

The total phase lag of the diffracted field over an ideal knife edge with ground reflec-
tions, (7. 13).

Latitudes of antenna terminals A and B, (6.1) to (6.9) figure 6,3,

Latitude of an arbitrary point along the great circle path from A to B, (6.7).

The grazing angle of a ray reflected from a point on the surface of a smooth earth,
(5,1) figure 5.1, or grazing angle at a feuillet, annex IV,

Minimum grazing angle, section 5, 1

The acute angle between principal polarization vectors "é-p and e £ (2.11),

The half-power beamwidths of the réceiving and transmitting antennas. respectively,

(9.10).
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